© REPUBLJQUE FRANQAISE © N° de publication : 



INS7TTUT NATIONAL 
DE LA PROPRIETE INDUSTRIELLE 



PARIS 



2 774 635 
98 01491 



§V Int CI 6 : B 60 K 15/01 , F 02 M 31/20, F 01 P 1 1/00, F 28 F 3/ 
04, 3/12,1/20, F 28 D 1/047 



(a n'utiiiser que pour les 
commandes de reproduction) 

(S) N° d'enregistrement national : 



DEMANDE DE BREVET ^'INVENTION 



A1 



' Date de depot : 09.02.98. 
@>Priorite: 



Date de mise a ta disposition du public de la 
demande : 13.08.99 Bulletin 99/32. 

(56) Liste des documents cites dans le rapport de 
recherche preliminalre : Se reporter & fa fin du 
present fascicule 

@) References a d'autres documents nationaux 
apparentes : 



<3> 



Demandeur(s) : VALEO THERMIQUE MOTEUR 
Societe anonyme — FR. 



Inventeur(s) : DABROWSKI LAURENT. 



Tinjlaire(s) : 



y Mandataire(s) : CABINET NETTER. 



in 

CO 
CD 

oc 

LL 



@) DISPOSITIF DE REFROIDISSEMENT DU CARBURANT D'UN MOTEUR DE VEHICULE AUTOMOBILE. 



L'inventlon conceme un dispositlf de refroidissernent 
du carburant d'un moteur de vehicule automobile, compre- 
nant un echangeur de chaleur (7) de type air/ carburant in- 
tegre sur une llgne de retour (6) entre les moyens d'injection 
(3) du moteur et ie reservoir (4) de carburant L'echangeur 
de chaleur est propre a 6tre dispose sous la calsse du vehi- 
cule et comprend une plaque metailique (8) du type persien- 
ne, munle d'ouvertures (25) entourees par des ailettes (26), 
et comportant au moins un tube (13) de circulation du car- 
burant Le dispositif de Pinvention est applicable notamment 
aux moteurs diesel k injection directe. 
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Dispositif de ref roidissement du carbura nt d'un moteur de 
vehicule automobile 

L ' invention concerne un dispositif de ref roidissement du 
carburant d'un moteur, notainment d'un moteur dies el , de 
vehicule automobile. 

lie dispositif de ref roidissement de 1' invention est propre h 
faire partie d'un circuit de carburant comprenant un reser- 
voir, des moyens d' injection et. une ligne de retour pour 
acheminer dans le reservoir le carburant en exc&s issu des 
moyens d' injection. 

Dans certains types de moteurs, notamment les moteurs diesel 
h. injection directe sous haute pression, il est n£cessaire de 
refroidir le carburant en exc£s qui n'est pas injecte dans le 
moteur et qui est achemine vers le reservoir par la ligne de 
retour • 

En effet, le carburant peut etre echauff£ de fagon impor- 
tante du fait du cisaillement qu'il subit au cours de sa 
detente en sortie de la pompe d' injection. Une temperature 
trop £lev£e du carburant n'est pas compatible avec les 
mat§riaux utilises pour les pompes et le reservoir. 

II a d£ j& 6t6 propose pour cela de refroidir le carburant par 
un echangeur de chaleur de type air /Carburant integre sur la 
ligne de retour et propre h etre dispose sous la caisse du 
v£hicule. La ventilation de 1' Echangeur est alors assurSe par 
la vitesse du vehicule, ce qui permet de refroidir le 
carburant avant son retour vers le reservoir. 

Dans une solution propos^e, cet Echangeur de chaleur. est 
realise sous la forme d'un simple tube en serpentin integre 
sur la ligne de retour. 



Malheureusement, cette solution n' assure qu'un faible 
ref roidissement. Par consequent, si l'on veut accroitre les 
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performances thermiques de ce tube en serpentin, il est 
n^cessaire de 1'allonger considerablement , ce qui cree alors 
des pert.es de charge, 

5 II a ete propose aussi de munir le tube en serpentin d'une 
multiplicity de fines ailettes metalliques disposers paralle- 
lement entre elles et perpendi culair ement au tube. Ce-tte 
solution permet, certes, d'accroitre les performances 
thermiques de l'echangeur, mais elle augmente la fragility de 
10 l'echangeur. 

Cette solution n'est done pas acceptable du fait que l'echan- 
geur est dispose sous la caisse du v6hicule et done expose h. 
des chocs ou des projections. 

15 

L 9 invention a notairanent pour but - de surmonter les inconve- 
nients pr£cit£s. 

Elle propose k cet effet un dispositif du type defini en 
20 introduction, comprenant un echangeur de chaleur de type 
air/carburant integre sur une ligne de retour de carburant 
vers un reservoir de carburant et propre k etre dispose sous 
la caisse du vehicule. 

25 Selon une definition generale de 1' invention, l'echangeur de 
chaleur comprend une plaque metallique du type persienne, 
munie d'ouvertures entour^es par des ailettes, et comportant 
au moins un tube de circulation du carburant - 

30 Ainsi, le dispositif comprend au moins un tube porte par une 
plaque metallique du -type persienne, e'est-^-dire une plaque 
metallique monobloc ajouree par des ouvertures entourees par 
des ailettes . 

35 Une telle plaque metallique offre notamment 1 ' avantage de 
combiner une bonne solidite mecanique et de bonnes performan- 
ces thermiques, en augmentant notablement la surface d'£- 
change de chaleur du ou des tubes qu'elle supporte- 
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Dans une premiere forme de realisation de 1 ' invention , la 
plaque metallique. comporte un tube en serpentina rapport^ sur 
ladite plaque. Ce tube en serpentin est avantageusement brase 
sur la plaque metallique - 

Ce tube en serpentin est avantageusement muni d'une tubulure 
d' entree et d'une tubulure de sortie qui debouchent d'un meme 
cote de la plaque metallique. 

Dans une deuxieme f orme de realisation de 1' invention, la 
plaque metallique comprend des canaux ouverts conformes et 
est munie d'un couvercle metallique rapporte pour f enner les 
canaux et delimiter ainsi des tubes de circulation du 
carburant. 

Ainsi, les tubes sont formes direct ement dans la plaque 
metallique et sont fermes par un couvercle metallique 
rapports . 

Dans cette forme de realisation de 1' invention, on prevoit 
avantageusement que les ouvertures et les ailettes de la 
plaque metallique sont fornixes dans des regions comprises 
entre les canaux. 

Selon une autre caracteristique de 1' invention, ce couvercle 
metallique est une plaque comportant des parties pleines 
propres k fermer les canaux et des parties decoupees situees 
en vis-^-vis des ouvertures et des -ailettes. 

De fagon avantageuse, les canaux sont paralieies et s'eten- 
dent entre deux extremity cppos<§es de la plaque metallique. 

Selon une autre caracteristique de 1' invention, le couvercle 
metallique comporte deux regions d ' extremite , conformees pour 
definir, conjointement avec la plaque metallique, deux boites 
collectrices munies de tubulures pour 1 ' entree et la sortie 
du car bur ant. 
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Dans cette deuxi.eme forme de realisation de 1 ' invention , le 
couvercle metallique est avantageusement bras<§ sur la plaque 
metallique. 

Le cas echeant, le dispositif peut comprendre au moins une 
cloison prevue dans un canal pour permettre au carburant de 
circuler dans les tubes en une ou plusieurs passes* 

Dans les diff ^rentes formes de realisation de 1' invention, la 
plaque metallique est avantageusement f ormee par emboutissage 
et d^coupage d'une tale metallique, en particulier d'une tole 
en aluminium. 



Dans la description qui suit, faite seulement h titre 
15 d'exemple, on se ref^re aux dessins annexes, sur lesquels : 

- la figure 1 repreSsente schematiquement un dispositif de 
refroidissement de carburant selon 1' invention integre dans 
un circuit de carburant de vehicule automobile ; 



20 

- la figure 2 est une vue en perspective de dessus d'un 
dispositif de refroidissement selon une premiere forme de 
realisation de 1' invention ; 

2 5 - la figure 3 est une vue en perspective de dessous d'un 
dispositif de refroidissement selon une deuxifcme forme de 
realisation de 1' invention ; 

- la figure 4 est une vue en coupe longitudinale du disposi- 
30 tif de la figure 3 ; et 

- la figure 5 est une vue en coupe, k echelle agrandie, selon 
la ligne V-V de la figure 4. 

35 La representation schematique de la figure 1 montre un 
vehicule automobile 1 anime par un moteur 2, dans I'exemple 
du type diesel, muni de moyens d' injection 3. 
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Le vehicule comprend un circuit de carburant qui comporte, 
pour 1'essen-tiel, un reservoir 4 destine a etre rempli de 
gazole, une ligne d ' alimentation 5 allant du reservoir aux 
moyens d' injection 3 et une ligne de retour 6 allant des 
5 moyens d' injection 3 au reservoir 4.. Le circuit comprend en 
outre d'autres composants (pompe, filtre, etc.) qui ne sont 
pas represented a des fins.de simplification. 

Suf^la ligne de retour 6 est integre un echangeur de chaleur 
10 7 de type air /carburant dispose sous la caisse du vehicule et 
servant au refroidissement du carburant. En effet, les moyens 
d' injection 3 sont prevus pour injecter dans le moteur 2 un 
carburant a tres haute press ion. Le carburant en exces qui 
retourne vers le reservoir 4 a temperature elevee risquerait, 
15 s'il n'etait pas refroidi, d'endommager certains composants 
du circuit. L' echangeur 7 est ainsi balaye par un flux d'air 
F resultant de la vitesse du vehicule. 

Dans la forme de realisation de la figure 2, 1' echangeur de 
20 chaleur 7 comprend une plaque metallique 8 du type persienne 
realisee en une seule piece par emboutissage et decoupage 
d'une tole metallique, avantageusement a base d' aluminium. 
Cette tole metallique 8 comprend un fond plat 9 de forme 
generale rectangulaire entoure, sur trois cotes, par deux 
25 bords releves longitudinaux 1 0 et 11, paralleles entre eux, 
et par un bord transversal 12 . Sur la plaque metallique 8 est 
rapporte, par brasage, un tube 13 de circulation de carbu- 
rant, realist en serpentin. ? 

30 Ce tube en serpentin comprend quatre branches 14, 15, 16 et 
17 paralleles entre elles, les branches 14 et 17 etant 
situees respectivement contre les bords releves 10 et 11. Ces 
branches sont reliees d'un cote par deux coudes 18 et d'un 
autre cote par un coude 19 et par un coude 20 s'etendant le 

35 long du bord releve 12. Le tube est muni de deux extremites 
21 et 22, formant tubulures , servant respectivement a 
1' entree et a la sortie du carburant (ou inversement ) . Ces 
deux tubulures debouchent d'un meme cote de la plaque 
metallique, c'est-a-dire du cote du bord releve 10. Ces 
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tubulures passent par une decoupe du bord releve 10 et sont 
"■• protegees par un boitier 23- 

Des agrafes, 24 obtenues par decoupage et repliage des bords 
5 releves 10 et 11 contribuent au maintien du tube en serpentin 
13. 

Le fond 8 de la plaque 7 est ajoure a la maniere d'une 
persienne et comport e des ouvertures 25 entourees par des 

10 ailettes 26. Les ouvertures et les ailettes sont formees dans 
des regions du fond 8 en dehors des branches 14, 15, 16 et 17 
du tube. De plus, le fond 8 comporte trois ouvertures 27 
destinees a la fixation du dispositif sous la caisse du 
vehicule, de preference par 1 ' intermediaire de blocs amortis- 

15 seurs. 

Le dispositif des figures 3 a 5 comprend egalement une plaque 
metallique 28 du type persienne, prSsentant une forme 
generale rectangulaire et obtenue par emboutissage et 

20 decoupage d'une tole metallique, de preference a base 
d' aluminium. La plaque metallique 28 comprend un fond 
rectangulaire dans lequel sont conformes directement des ■ 
canaux ouverts 29 a section en forme de U. Ces canaux ouverts 
29, au nombre de 7 dans l'exemple, s' etendent parallelement 

25 entre eux et parallelement a deux bords releves longitudinaux 
30 (figure 5) qui bordent le fond de la plaque metallique 8. 
Dans les regions comprises entre les canaux sont preyues des 
ouvertures 31 entourees par des ailettes 32 et definissant 
des passages d'air a la maniere d'une persienne. Seule une 

30 partie des ailettes est representee sur la figure 3. 

Le fond de la plaque metallique 2 8 comporte par ailleurs 
quatre trous 33 (figure 3) servant a la fixation du disposi- 
tif sous la caisse du vehicule. 

Le dispositif comprend en outre un couvercle metallique 34 
rapporte sur la plaque metallique 2 8 pour fermer les canaux 
29 et delimiter ainsi des tubes de circulation 35 (figure 5) 
qui s' etendent parallelement entre eux et entre deux extremi- 



35 
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tes opposees 36 et 37 de la plaque metallique. Le couvercle 
34 comporte des parties pleines 38 propres a fenner les 
canaux 29 et des parties decoupees 39 situees en vis-a-vis 
des overtures 31 et des ailettes 32 (figure 4). 

5 

. Le couvercle 34 est forme d'une tole metallique emboutie et 
decoupee, avantageusement a base d' aluminium, qui presente 
une forme generale rectangulaire et qui est destinee a etre 
rapportee sur la plaque metallique 28, en venant s'encastrer 

10 entre les bords releves .30 de cette derniere (figure 5). La 
plaque metallique 2 8 et le couvercle metallique 34 sont 
. assembles entre eux par brasage pour constituer un ensemble 
unitaire. Le couvercle metallique comporte deux regions 
d'extremites 41 et 42 conformees pour definir, conjointement 

15 avec la plaque metallique, deux boltes collectrices 43 et 44 
(figure 4) munies respectivement de deux tubulures 45 et 46 
pour 1' entree et la sortie du carburant. 

Dans la forme de realisation representee aux figures 3 a 5, 
20 les canaux permettent une circulation du carburant en une 
seule passe, d'une extremite a 1' autre. Autrement dit, la 
circulation du carburant s'effectue dans des tubes en 
parallele. 

25 II est possible aussi de definir d'autres modes de circula- 
tion en plusieurs passes, a condition de prevoir une ou 
plusieurs cloisons dans un tube et/ou une boite collectrice 
pour permettre une circulation en line ou plusieurs passes. 

30 L' invention permet ainsi de realiser un dispositif de 
refroidissement de conception robuste et de performances 
thermiques ^levees par unite de surface . 

Bien entendu, 1' invention est susceptible de nombreuses 
35 variantes en ce qui concerne la structure de la plaque 
metallique du type persienne et du ou des tubes qu'elle 
comporte. 
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Revindications 



1. Dispositif de ref roidissement du carburant d'un moteur 
de vehicule automobile-, comprenant un echangeur de chaleur 
5 (7) de type air/carburant propre a etre integre sur une ligne 
de retour (6) de carburant vers un reservoir de carburant (4) 
et propre a etre dispose sous la caisse du vehicule, 



10 



15 



caracterise en ce que 1' echangeur de chaleur <7) comprend une 
plaque metallique (8 ; 28) du type persienne, munie d'ouver- 
tures (25 ; 31) entourees par des ailettes (26 ; 32) et 
comportant au moins un tube (13 ; 35) de circulation du 
carburant. 

2. Dispositif selon la revendication 1, caracterise en ce 
que la plaque metallique (8) comporte un tube en serpentin 
(13) rapporte sur ladite plaque. 

3. Dispositif selon la revendication 2 , caracterise en ce 
20 que le tube en serpentin (13) est brase sur la plaque 

metallique (8) . 

4. Dispositif selon l'une des revendications 2 et 3, 
caracterise en ce que le tube en serpentin (13) est muni 

25 d'une tubulure d' entree (21) et d'une tubuiure de sortie (22) 
qui debouchent d'un meme c6te de la plaque metallique. 

5. Dispositif selon- la revendication 1, caracterise en ce 
que la plaque metallique (28) comprend des canaux ouverts 
conformes (29) et est munie d'un couvercle metallique 
rapporte (34) pour fermer les canaux et delimiter ainsi des 
tubes (35) de circulation du carburant. 



30 
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6. Dispositif selon la revendication 5, caracterise en ce 
que les ouvertures (31) et les ailettes (32) de la plaque 
metallique (28) sont formees dans des regions comprises entre 
les canaux (29) . 
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7. Dispositif selon l'une des revendications 5 et 6, 
caracterise en ce que le couvercle metallique < 34 ) est une 
plaque comportant des parties pleines (38) propres a fermer 
les canaux (29) et des parties decouples (39) situees en vis- 

5 a-vis des ouvertures (31) et des ailettes (32). 

8. Dispositif selon l'une des revendications 5 a 7, 
caracterise en ce que les canaux (29) sont paralleled et 
s'etendent entre deux extremites opposees (36, 37) de la 

10 plaque metallique (28). 

9. Dispositif selon la revendication 8, caracterise en ce 
que le couvercle metallique (34) comporte deux regions 
d'extremite (41, 42) conformees pour definir, conjointement 

15 avec la plaque metallique (28) , deux boites collectrices (43, 
44) munies de tubulures (45> 46) pour 1' entree et la sortie 
du carburant. 

10. Dispositif selon l'une des revendications 5 a 9, 
20 caracterise en ce que le couvercle metallique (34) est brasS 

sur la plaque metallique (28. 

11. Dispositif selon l'une des revendications 5 a 10, 
caracterise en ce qu'il comprend au moins une cloison prevue 

25 dans un canal (29) pour permettre au carburant de circuler 
dans les tubes en une ou plusieurs passes. 

12. Dispositif selon l'une des revendications la 11, 
caracterise en ce que la plaque metallique (8 ; 28) est 

30 formee par emboutissage et decoupage d'une tole metallique, 
en particulier d'une tSle en aluminium. 
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The invention relates to a device for cooling the fuel from the motor of an automotive vehicle, 
which device includes an air-fuel heat exchanger [7] forming an integral part of a return line [6] 
running between the injection means [3] of the motor and the fuel tank [4]. The heat exchanger 
is suitable for being installed under the body of the vehicle, and includes a metal plate [8] in 
the form of a shutter, which plate is provided with openings [25] surrounded by fins [26] and 
includes at least one fuel-circulation conduit [13]. The device according to the invention is 
specifically applicable to direct fuel-injected diesel motors. 
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Device for cooling fuel from the motor 
of an automotive vehicle 



The invention relates to a device for cooling fuel from the motor (specifically, from a diesel 
motor) of an automotive vehicle. 

The cooling device according to the invention is capable of forming an integral part of a fuel 
circuit that includes a tank, injection means, and a return line for conveying, to the tank, the 
excess fuel discharged from the injection means. 

In certain types of motors (specifically, diesel motors with direct [fuel] injection under high 
pressure), it is necessary to cool the excess fuel that is not injected into the motor and that is 
conveyed to the tank via the return line. 

In point of fact, the fuel may be heated to a significant degree, because of the shearing agitation 
that it undergoes during the reduction of its pressure upon discharge from the injection pump. 
An excessively high fixel temperature is not compatible with the materials of which the pumps 
and the tank are made. 

Accordingly, it has already been suggested that the fuel be cooled by an air-fiiei heat exchanger 
that forms an integral part of the return line and that is suitable for being installed under the body 
of the vehicle. Ventilation of the exchanger is thus ensured by the speed of the vehicle, such that 
the fuel is cooled before it is returned to the tank. * 

In one proposed solution, this heat exchanger is realized in the form of a simple serpentine tube 
that forms an integral part of the return line. 

Unfortunately, this proposed solution produces only a modest degree of cooling. Consequently, 
in order for the thermal performance of this tube to be improved, the tube must be elongated to 
a significant degree - a change which entails head losses [i.e., losses of pressure]. 
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It has also been suggested that the serpentine tube be provided with a multiplicity of small metal 
fins arranged parallel to each other and perpendicular to the tube. This proposed solution does 
allow the thermal performance of the exchanger to be improved; however, it also increases the 
fragility of the exchanger. 

Therefore, this proposed solution is not acceptable, because the exchanger is located under the . 
body of the vehicle and therefore is exposed to impacts or projected materials. 

The specific goal of the invention is to remedy the above-mentioned disadvantages. 

Accordingly, the invention proposes a device of the type described in the foregoing introduction, 
which device includes an air-fiiel heat exchanger forming an integral part of a fuel-return line 
leading to a fuel tank, and suitable for being installed under the body of the vehicle. 

According to a general definition of the invention, the heat exchanger includes a metal plate in 
the form of a shutter, which plate is provided with openings surrounded by fins and includes at 
least one fuel-circulation tube. 

Thus, the device includes at least one tube carried by a metal plate in the form of a shutter, i.e., 
a monoblock metal plate perforated by openings surrounded by fins. 

Specifically, such a metal plate offers the advantage of combining good mechanical solidity and 
good thermal performance, by significantly increasing the heat-exchanging surface of the tube 
or tubes carried by it. 

In a first embodiment of the invention, the metal plate includes a serpentine tube mounted on it. 
This serpentine tube is advantageously welded to the metal plate. 

This serpentine tube is advantageously provided with an intake tube and a discharge tube, both 
of which are located on the same side of the metal plate. 
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In a second embodiment of the invention, the metal plate includes shaped open channels and is 
equipped with an attached metal cover to close the channels and thereby define fijel-circulation 
tubes. 

Thus, the tubes are formed directly in the metal plate, and are closed by an attached metal cover. 

In this embodiment of the invention, the openings and the fins in the metal plate are formed in 
regions located between the channels. 

According to another characteristic of the invention, this metal cover is a plate that includes solid 
portions suitable for closing the channels, and cut-out portions located opposite the openings and 
the fins. 

The channels are advantageously parallel and extend between two opposite ends of the metal 
plate. 

According to another characteristic of the invention, the metal cover includes two end regions 
which are shaped so as to define, in conjunction with the metal plate, two collection boxes 
equipped with tubes for the entry and exit of the fuel. 

In this second embodiment of the invention, the metal cover is advantageously welded to the 
metal plate. 

If necessary, the device may include at least one baffle located in a channel to allow the fuel to 
circulate within the tubes in one or more passes. 

In the various embodiments of the invention, the metal plate is advantageously formed through 
the swaging and cutting of a metal sheet, specifically, a sheet of aluminum. 
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The following description, which is offered purely as an example, refers to the attached 
drawings, on which: 

— Figure 1 is a schematic representation of a fuel-cooling device according 
to the invention, incorporated into the fuel circuit of an automotive 
vehicle; 

— Figure 2 is a perspective view of the top of a cooling device according to 
a first embodiment of the invention; 

— Figure 3 is a perspective view of the underside of a cooling device 
according to a second embodiment of the invention; 

— Figure 4 is a view along a longitudinal cross-section of the device shown 
in Figure 3; and 

— Figure 5 is an enlarged cross-sectional view along line V— V in Figure 4. 

The schematic representation shown in Figure 1 illustrates an automotive vehicle [1] powered 
by a motor [2], which in this example is a diesel motor, equipped with injection means [3]. 

The vehicle includes a fuel circuit that consists essentially of a tank [4] intended to be filled with 
gas-oil; a supply line [5] running from the tank to the injection means [3]; and a return line [6] 
running from the injection means [3] to the tank [4]. The circuit also includes other components 
(a pump, a filter, etc.) that are not shown, for purposes of simplification. 

The return line [6] includes an air-fuel heat exchanger [7] that is installed under the body of the 
vehicle and that serves to cool the fuel. In point of fact, the inj ection means [3] are provided 
for the purpose of injecting, into the motor [2], fuel at very high pressure. The excess fuel that 
returns to the tank [4] at a high temperature could, if not cooled, damage certain elements of the 
circuit. Thus, the exchanger [7] is swept by a flow of air [F] created by the speed of the vehicle. 
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In the embodiment shown in Figure 2, the heat exchanger [7] includes a metal plate [8] in the 
. form of a shutter. This plate is made of a single piece, by means of the swaging and cutting of a 
metal sheet, which sheet advantageously has an aluminum base. This metal sheet [8] has a flat, 
generally rectangular base [9] that is surrounded on three sides by two raised longitudinal edges 
[10] and [1 1], which are parallel to each other, and a transverse edge [12].. A fuel-circulation 
tube [13], realized in the form of a serpentine, is mounted on the metal plate [8]. 

This serpentine tube has four segments [14] [15] [16] [17], which are parallel to each other, with 
segments [14] and [17] being located adjacent to the raised edges [10] and [11], respectively. 
These segments are connected, on one side, by two bends [18], and, on another side, by a bend 
[19] and by a bend [20] that extend along the length of the raised edge [12]. The tube has two 
extremities [21] and [22], which form tubes that allow the entry and exit of the fuel, respectively 
(or vice versa). These two tubes are located on the same side of the metal plate, i.e. 3 on the same 
side as the raised edge [10]. These tubes pass through a cut-out opening in the raised edge [10] 
and are protected by a housing [23]. 

Clips or clamps [24], obtained by cutting and bending the raised edges [10] and [1 1], help to 
hold the serpentine tube [13] in place. 

The base [8] of the plate [7] is perforated, in the same way as a shutter, and includes openings 
[25] surrounded by fins [26]. The openings and the fins are formed in regions of the base [8] 
located outside the segments [14] [15] [16] [17] of the tube. Furthermore, the base [8] also has 
three openings [27] provided to allow the device to be mounted under the body of the vehicle, 
preferably through the use of damping blocks. 

The device shown in figures 3 through 5 also includes a metal plate [28] in the form of a shutter, 
whose shape is generally rectangular and which is obtained through the swaging and cutting of 
a metal sheet, which sheet advantageously has an aluminum base. The metal sheet [28] has a 
rectangular base that includes directly formed open channels [29] which have U-shaped cross- 
sections. These open channels [29], of which the example contains seven, extend parallel to one 
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another and parallel to two longitudinal raised edges [30] (see Figure 5) that suiround the base 
of the metal plate [8]. In the regions between the channels, openings [3 1] are provided that 
are surrounded by fins [32] and that define air passages in the same way as a shutter. Only a 
few of the fins are shown in Figure 3. 

The base of the metal plate [28] also has four holes [33] (see Figure 3) that allow the device to 
be mounted under the body of the vehicle. 

The device also includes a metal cover [34] mounted on the metal plate [28]. The purpose of the 
said metal cover [34] is to close the channels [29] and thereby define fuel-circulation tubes [35] 
(see Figure 5) that extend parallel to one another and between two opposite ends [36] and [37] 
of the metal plate. The cover [34] includes solid portions [38] suitable for closing the channels 
[29] and cut-out portions [39] located opposite the openings [3 1] and the fins [32] (see Figure 4). 

The cover [34] is made of a piece of swaged and cut-out sheet metal, advantageously having a 
base of aluminum, that has a generally rectangular shape and that is intended to be mounted on 
the metal plate [28], by being secured between the raised edges [3 0] of the said metal plate (see 
Figure 5). The metal plate [28] and the metal cover [34] are joined together, via welding, to 
form a single unit. The metal cover has two end regions [41] and [42] which are shaped so as 
to define, in conjunction with the metal plate, two collection boxes [43J and [44] equipped with 
tubes [45] and [46], respectively, for the entry and exit of the fuel. 

In the embodiment shown in figures 3 through 5, the channels allow fuel to circulate in a single 
pass from one end to the other. In other words, the fuel circulates through the tubes in parallel. 

Other, multi-pass circulation pathways can also be defined, on the condition that one or more 
baffles are provided within a tube and/or collection box in order to enable circulation in the form 
of one or more passes. 

Thus, the invention enables the implementation of a cooling device that has a robust design and 
a high level of thermal performance per unit of surface area. 
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Naturally, the invention is subject to numerous variants with regard to the structure of the metal 
plate in the form of a shutter and the structure of the tube or tubes that the plate includes. 
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1. Device for cooling fuel from the motor of an automotive vehicle, which device includes an 
air-fuel heat exchanger [7] that can form an integral part of a return line [6] that conveys 
fuel to a fuel tank [4], and that is suitable for being installed under the body of the vehicle, 
characterized in that the said heat exchanger [7] includes a metal plate [8] [28]in the form 
of a shutter, which plate is provided with openings [25] [3 1] surrounded by fins [26] [32] . 
and includes at least one fuel-circulation tube [13] [35]. 

2. Device according to Claim 1, characterized in that the metal plate [8] has a serpentine tube 
[13] mounted on the said plate. 

3. Device according to Claim 2, characterized in that the serpentine tube [13] is welded to the 
metal plate [8]. 

4. Device according to either Claim 2 or Claim 3, characterized in that the serpentine tube 
[13] is provided with an intake tube [21] and a discharge tube [22], both of which are 
located on the same side of the metal plate. 

5. Device according to Claim 1, characterized in that the metal plate [28] includes shaped 
open channels [29] and is equipped with an attached metal cover [34] to close the channels 
and thereby define fuel-circulation tubes [35]. 

6. Device according to Claim 5, characterized in that the openings [3 1] and the fins [32] in 
the metal plate [28] are formed in regions located between the channels [29]. 

7. Device according to either Claim 5 or Claim 6, characterized in that the metal cover [34] is 
a plate that includes solid portions [38] suitable for closing the channels [29], and cut-out 
portions [39] located opposite the openings [31] and the fins [32]. 
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8. Device according to any: one of claims 5 to 7, characterized in that the channels [29] are 
parallel and extend between two opposite ends [36] [37] of the metal plate [28]. 

9. Device according to Claim 8, characterized in that the metal cover [34] includes two end 
regions [41] [42] which are shaped so as to define, in conjunction with the metal plate 
[28], two collection boxes [43] [44] equipped with tubes [45] [46] for the entry and exit 
of the fuel. 

10. Device according to any one of claims 5 to 9, characterized in that the metal cover [34] 
is welded to the metal plate [28]. 

11. Device according to any one of claims 5 to 10, characterized in that the device includes 
at least one baffle located in a channel [29] to allow the fuel to circulate within the tubes 
in one or more passes. 

12. Device according to any one of claims 1 to 1 1, characterized in that the metal plate [8] 
[28] is formed through the swaging and cutting of a metal sheet, specifically, a sheet of 
aluminum. 
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Drawing sheet 1 of 2 



[insert Figure 1 and Figure 2 here] 
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Drawing sheet 2 of 2 2,774,635 



[insert here figures 3, 4, and 5] 
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